Purpose: Early clinical trials of recombinant human activated protein C (rhAPC) for severe sepsis excluded patients at high risk of bleeding. Recent literature suggests bleeding rates are higher in clinical practice and may be associated with worsened outcomes. Our objective was to evaluate baseline demographics; incidence, and risk factors for major bleeding; and mortality of patients receiving rhAPC for severe sepsis at our institution. Methods: A retrospective study was performed for all patients receiving rhAPC for treatment of severe sepsis at a tertiary academic medical center from January 2002 were independent variables associated with hospital mortality.
Introduction
Despite advances in best practices for the management of sepsis, mortality rates remain high as institutions seek to implement sepsis bundle therapy into clinical practice. [1] [2] [3] [4] Activated protein C has long been identified as an important endogenous modulator involved in microvascular end-organ dysfunction in sepsis and low levels have been associated with worsened outcomes. [5] [6] [7] Activated protein C exhibits anticoagulant properties through inhibition of factors Va and VIIIa, profibrinolytic properties through its ability to inhibit plasminogen activator inhibitor-1 and decrease production of thrombin-activatable fibrinolysis inhibitor, and anti-inflammatory properties by decreasing release of tumor necrosis factor. 8, 9 Based upon the results of the Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis Trial (PROWESS) study, recombinant human activated protein C (rhAPC) has continued as a recommended therapeutic modality for select subgroups of patients in the Surviving Sepsis Campaign guidelines. 1, 10, 11 Recent analysis examining the use of rhAPC in the clinical practice setting suggest higher bleeding event rates compared to analysis used in collaboration with the manufacturer. 1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Post PROWESS data resulted in changes to package-labeling precautions and contraindications seeking to promote safe use of rhAPC in the clinical practice setting. Differences in patient demographics and risk factors for bleeding between randomized controlled trials (RCTs) and published analyses examining real-world use of rhAPC have resulted in concerns regarding the efficacy and safety of this agent. 19, 20 Results of Phase IV studies resulted in further calls for another placebo-controlled trial in patients with septic shock. 11, 21, 22 The findings of the Prospective Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis and Septic Shock (PROWESS-SHOCK) trial resulted in the voluntary removal of rhAPC from the market by the manufacturer, however return of the agent to the market is still possible. 23 Changes to efficacy and safety data warrant evaluation of practice parameters used to promote safe and efficacious use of rhAPC in the inpatient setting.
Prescribing of rhAPC at our institution is regulated by a local guideline developed using data from package labeling to promote safe and effective use. 10, 24, 25 Given recently published data and changes to package labeling concerning the efficacy and safety of rhAPC, we undertook this analysis to evaluate prescribing practices and outcomes of patients receiving rhAPC therapy for severe sepsis at our institution since its United States Food and Drug Administration approval in 2001. A list of all patients prescribed rhAPC was obtained from an electronic database within our computerized provider order entry system (CPOE). Patients who received at least 1 hour of rhAPC were eligible for inclusion in the analysis. Patients were excluded if they lacked adequate medical record availability. Prescribing of rhAPC at our institution has been guided by an institutional guideline with CPOE decision support since its United States release. 24 Institutional criteria for rhAPC requires patients to have the presence of a likely or known infection as well as three of the four Systemic Inflammatory Response Syndrome criteria. 24 Patients are also required to have acute dysfunction of at least one organ system and an Acute Physiology and Chronic Health Evaluation II (APACHE II) score $25. Relative contraindications to rhAPC at our institution include the following package-labeling contraindications and bleeding precautions; current pharmacologic anticoagulation, active bleeding or coagulopathy (prothrombin time-International Normalized Ratio [INR] .3.0), platelet count ,30,000/mm 3 , recent major surgery, recent hemorrhagic stroke, cranial or spinal procedure, head trauma, trauma with increased bleeding risk, presence of an epidural catheter, or an intracranial mass or neoplasm. 24 Patients that did not meet institutional criteria due to a relative contraindication or APACHE II criteria could still receive rhAPC if an attending physician overrode the institutional criteria after specialist consultation. 24 
Materials and methods

Design and setting overview
Outcomes and follow-up
Outcomes included prescribing according to institutional criteria, duration of rhAPC infusion, transfusion requirements (packed red blood cells, platelets, and fresh frozen plasma), length of stay, mortality, incidence of major bleeding, and discontinuation of rhAPC therapy due to bleeding or coagulopathy. Major bleeding criteria required patients to meet at least one of three objective criteria, plus documentation of bleeding in the medical record by the physician or nurse in a daily progress note, discharge summary, or autopsy report. 17 Objective criteria was defined as: (a) an acute (,48 hour) drop in hemoglobin of $2 g/dL; (b) transfusion requirement of $4 units of packed red blood cells in 48 hours; or (c) objective evidence of bleeding that resulted in prolonged hospitalization, death, or other adverse outcome. Major bleeding was assessed while the patient was receiving rhAPC and for 24 hours after discontinuation.
Statistical analysis
Statistical analysis of patients receiving rhAPC was conducted using SPSS software (version 17.0; IBM, Armonk, NY, USA). Patient demographics, treatment characteristics, and outcomes were described using measures of central tendency or proportions with measures of variance as appropriate. A priori subgroups were identified based upon in hospital mortality and major bleeding events. Demographic and treatment variables were compared between survivors and nonsurvivors and between those who experienced a major bleeding event and those who did not using Student's t-test or Mann-Whitney U-test for continuous variables and Chi-square tests for ordisubmit your manuscript | www.dovepress.com Dovepress Dovepress nal data. Type I error rate (α) level was set at #0.05. Odds ratios (OR) and 95% confidence intervals (95% CI) for independent variables were calculated. Simple logistic regression was used to estimate the ORs for individual predictors of the outcomes of interest. Variables found to be significantly different (α = 0.05) were then modeled using forward multivariate stepwise logistic regression to determine independent variables associated with major bleeding events or hospital mortality. These logistic regression models were assessed for goodness-of-fit using −2 log likelihood ratios for models where the total sample size was equal across models. Interaction terms were not tested for in this analysis. The protocol was reviewed and approved by the Brigham and Women's Hospital/Partners Institutional Review Board prior to data collection.
Results
Patients
A total of 190 patients were ordered for rhAPC from January 2002 to June 2009. Thirty-four patients were excluded from the analysis for incomplete medical records (n = 6) or failure to receive at least 1 hour of infusion due to death/withdrawal of care (n = 28). The remaining 156 patients that received rhAPC were included in the analysis. The distribution of patients receiving rhAPC per year is shown in Figure 1 , with use declining after peaking in 2003. Of the 156 patients receiving rhAPC therapy, 54 (34.6%) did not meet institutional criteria for safe use at baseline due to precaution or contraindication. Of the 54 patients that did not meet institutional criteria, 49 (91%) had a baseline bleeding precaution and 5 (9%) had a contraindication to therapy according to package labeling. The most common reasons for not meeting institutional criteria were surgery within 12 hours and active bleed or coagulopathy.
Baseline demographic data is presented in Table 1 . The majority of patients receiving rhAPC were admitted to a surgical or burn/trauma (54%) ICU. The mean APACHE II score was 29.6 ± 5.8. Pneumonia (38%) and intra-abdominal (29%) infections were the primary sources of sepsis. The average duration of rhAPC therapy was 67.8 ± 36 hours. Seventy-five patients (48.1%) had rhAPC discontinued before 96 hours, with 37 (23.7%) due to death or withdrawal of treatment, 20 (12.8%) attributed to a bleeding event or coagulopathy, 8 (5.1%) due to surgery or procedure, 4 (2.6%) due to transfer to a stepdown unit or rapid clinical improvement, 2 (1.2%) due to acute myocardial infarction or pulmonary embolism requiring anticoagulation, 2 (1.2%) due to infusion duration documentation error, and 2 (1.2%) for change to nonsepsis diagnosis.
Mean ICU and hospital length of stay was 20 and 27 days, respectively. A total of 117 patients (75%) required transfusion of a blood product while on rhAPC therapy. Mean consumption on blood products per patient on rhAPC therapy was 1.5 units of packed red blood cells, 0.7 units of platelets, and 1.9 units of fresh frozen plasma.
Analysis of major bleeding
Twenty-three of the 156 patients (14.7%) experienced a major bleeding event, all of which occurred during the infusion. The number of patients meeting each objective criteria for major bleeding was: acute drop in hemoglobin (n = 15), transfusion requirement (n = 4), and objective evidence of bleeding Patients experiencing major bleed had a lower mean baseline platelet count (129 ± 105 vs 189 ± 111 × 10 3 /mm 3 ; P = 0.02) and higher baseline INR (2.5 ± 1.2 vs 1.9 ± 0.9; P = 0.03) than those who did not bleed. Baseline platelet counts #100,000/mm 3 (48% vs 23%; P = 0.01), INR values $2.0 (61% vs 29%; P , 0.01), APACHE II score $30 (74% vs 44%; P = 0.02), and medical ICU admission (65% vs 43%; P = 0.05) were more likely to be seen in patients experiencing a major bleed (Table 2) . Multivariate logistic regression analysis identified baseline INR values $2.5 (OR 3.68, 95% CI: 1.28-10.56; P = 0.03) and platelet count #100,000/mm 3 (OR 2.86, 95% CI: 1.07-7.67; P = 0.01) as significant predictors of a major bleed. No significant difference in the use of pharmacological venous thromboembolism prophylaxis (17% vs 18%; P = 0.94), hospital mortality (65.2% vs 56.4%; P = 0.43), or hospital length of stay (22.5 ± 24 vs 28 ± 29 days; P = 0.33) was seen in patients experiencing a major bleeding event. Administration
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Anger et al had more organ dysfunctions (3.3 ± 1.1 vs 2.9 ± 1.2; P = 0.04), and a higher APACHE II score (30.8 ± 5.3 vs 28 ± 6, P , 0.01) compared to survivors (Table 3) .
Multivariate logistic regression analysis identified $3 organ dysfunctions (OR 2.46, 95% CI: 1.19-5.09; P , 0.05) and medical ICU admission (OR 1.99, 95% CI: 1.00-3.98; P = 0.05) as significant predictors of in-hospital mortality. ICU mortality was higher in patients that did not meet institutional criteria (48% vs 64.8%; P = 0.05).
Discussion
When introducing pharmacotherapy into the clinical practice setting, institutions often implement guidelines or protocols to promote safe and efficacious use of high-risk medications. 24 Institutional guidelines are useful in providing guidance to practitioners on selection of pharmacological agents with the premise of providing optimal efficacy and safety outcomes. These guidelines and protocols are based largely on available literature and package labeling, which may not provide guidance on use in high-risk patients. Data from the clinical practice setting suggest subgroups of patients receiving rhAPC therapy may be at higher risk for major bleeding and worsened outcomes. 17 Although rhAPC has been withdrawn from the market, the story of its introduction, marketing, utilization in clinical practice, and removal from the market are important for clinicians involved in critical care, medication safety, and formulary decisions at the institutional level. New data and changes to package labeling makes monitoring of adherence to clinical practice guidelines and real-world outcomes essential to providing safe therapy of high-risk medications.
In this single center, descriptive study of clinical practice, patients receiving rhAPC for severe sepsis had higher mortality and major bleeding than previous published studies. [10] [11] [12] [13] [14] [15] [16] [17] Our study identified risk factors for major bleeding other than package-labeling contraindications and bleeding precautions in a diverse group of patients with severe sepsis at a tertiary academic medical center.
Utilization of rhAPC at our institution has decreased steadily since 2003 and the publication of more data from RCTs and real-world analysis. 11, 12 This reflects utilization in the United States, which peaked in 2005 despite marketing campaigns seeking to improve awareness of rhAPC. 26 Despite use of an electronic decision support tool in our CPOE system, 34% of our cohort did not meet institutional criteria for safe use of rhAPC at baseline due to a precaution or contraindication to therapy. Use of rhAPC in patients with contraindications and bleeding precautions in the clinical of blood products was more common in patients experiencing major bleed.
Analysis of mortality
Overall ICU and in-hospital and ICU mortality was 53.8% and 57.7%, respectively. Yearly in hospital mortality rates ranged from 33.3% to 75% between 2002 and 2009 ( Figure 1) . Patients experiencing in hospital mortality on average were older (65.2 ± 17 vs 55.4 ± 15.4 years; P , 0.01), required more vasoactive agents (2.4 ± 1 vs 1.8 ± 1 agents; P , 0.01), submit your manuscript | www.dovepress.com Dovepress Dovepress practice has been reported to be as high as 27% in published analysis. 15, 17 These patients are not likely to be enrolled in large RCTs despite encompassing a large cohort of use in the clinical practice setting. Recent data suggesting these patients are at high risk of adverse reactions and worsened outcomes make data from observational studies important for clinicians seeking to evaluate safe use of rhAPC therapy at their institution.
In the current study, 14.7% of patients experienced a major bleeding event. The primary site of bleeding in our analysis was gastrointestinal, which is consistent with the primary sites in analysis from the clinical practice setting. 15, 17 The incidence of CNS bleed was low in our analysis (0.6%), and was comparable to rates in RCTs and lower than many analyses from the clinical practice setting. [10] [11] [12] [13] [14] [15] [16] [17] 27 The presence of a baseline precaution or contraindication to rhAPC therapy was not associated with a higher risk of bleed, suggesting package-labeling contraindications and precautions may not be protective against major bleeding events in our patient population. Differences in patient demographics, risk factors for bleeding, and definition of major bleeding may be responsible for variability in the reported bleeding rates in clinical trials and data from the clinical practice setting.
A recent analysis by Gentry and colleagues sought to examine the impact of baseline bleeding precautions on major bleeding events and outcomes in the clinical practice setting. 17 Twenty of the seventy-three patients (27%) had a bleeding precaution to rhAPC use at baseline. Patients with baseline bleeding precautions had significantly higher APACHE II scores, lower platelet concentrations, and a higher incidence of patients meeting hematological dysfunction according to the study criteria. Patients with baseline bleeding precautions had significantly higher hospital mortality and major bleeding events. Mortality in the patients experiencing major bleed was higher compared to patients not experiencing a major bleed, but failed to reach statistical significance. A second evaluation of rhAPC use in Italian ICUs found ICU mortality was significantly higher in patients experiencing bleeding. However, data on severity of illness and risk factors for bleeding was not evaluated.
14 Package-labeling precautions and contraindications to rhAPC therapy stem largely from PROWESS exclusion criteria and include a platelet count ,30,000/mm 3 and INR .3.0.
28 We identified baseline platelet concentrations #100 × 10 3 /mm 3 and INR $2.5 as significant risk factors for major bleeding in our patient population using a multivariate model. Our findings suggest more conservative thresholds of baseline platelet concentrations and INR may be warranted in the clinical practice setting when evaluating the safety of rhAPC therapy.
Varying definitions of non-CNS major bleeding makes actual comparisons difficult among published analysis. PROWESS defined a serious bleeding event as "any lifethreatening bleeding, any bleeding event classified as serious by the investigator, or any bleeding that required the administration of three units of packed red cells on two consecutive days." 10 The presence of a local investigator allows for a more prospective evaluation of bleeding rates and etiologies in a prospective RCT. Despite the close monitoring in RCTs, bleeding rates of rhAPC appear to be higher than analysis from the clinical practice setting. The retrospective nature of our study prohibited us from using PROWESS criteria. Similar to Gentry and colleagues, our study incorporates objective data into the retrospective diagnosis of major bleed. However, we have added to a more comprehensive retrospective evaluation by incorporating physician and nursing documentation in a progress note, discharge summary, or autopsy report to confirm the objective findings. We assessed major bleeding events during infusion and within 24 hours of discontinuation to rule out events not likely attributable to rhAPC therapy, compared to analyses that report bleeding rates from 7 to 30 days after infusion discontinuation. 10, 17 Despite a more objective definition, documentation requirement, and stringent window of assessment, our bleeding rates were higher than previous published analyses.
In our study, mortality rates were higher than previously reported for rhAPC therapy in RCTs, but similar to findings from the clinical practice setting. [10] [11] [12] [13] [14] [15] [16] [17] 27 Higher mortality rates at our institution may be reflective of prescribing bias towards patients with higher risk of death as a result of our institutional criteria, and a higher severity of illness as seen with APACHE II and organ dysfunctions. Several analyses have examined baseline risk factors for mortality in patients receiving rhAPC therapy. The current study found $3 organ dysfunctions and medical ICU admission as significant predictors of mortality. Significant advances in the treatment of sepsis and application of best practices has improved outcomes over the time frame of the current study, potentially limiting the ability to capture all variables associated worsened outcomes in patients receiving rhAPC therapy for severe sepsis. [1] [2] [3] [4] There are a number of other potential limitations to our study. By not evaluating a cohort of patients with severe sepsis who did not receive rhAPC due to contraindication or submit your manuscript | www.dovepress.com Dovepress Dovepress decision of indication, it remains unclear if bleeding events that were identified were truly a result of rhAPC, or related to other comorbidities and manifestations of critical illness. The use of a computer-based institutional guideline that incorporates APACHE II calculation can introduce a prescribing bias towards patients with a high severity of illness. 29, 30 However, our guideline allows attending physician override for patients with an APACHE score ,25 or contraindications and bleeding precautions.
Conclusion
This study describes the baseline demographics, bleeding, and mortality of patients receiving rhAPC for severe sepsis at a tertiary academic medical center. Patients at our institution receiving rhAPC had higher APACHE II scores, mortality, and major bleeding events than previously published postmarketing studies. Despite a high percentage of patients having baseline precautions and contraindications to rhAPC therapy, it was not shown to be a risk factor for major bleed and mortality. Risk factors for major bleeding other than package-labeling contraindications and bleeding precautions were identified in our patient population.
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